5 METHODS AND DEVI CES FOR DETERM NI NG A TEACHI NG PO NT LOCATI ON USI NG
PRESSURE MEASUREMENTS 10Summary Certain enbodi mnents of the present

i nvention are generally directed to devices and nethods for using pressure
measurenents to teach a robot a teaching point |ocation. In certain
enbodi nents, a nethod includes nmeasuring pressure at multiple points across
a target. A location of a robot teaching point is determ ned based on the
measured 15pressure. Brief Description of the Draw ngs FIG 1

provi des a bl ock diagram of an exenplary system in accordance with certain
enbodi nents of the present disclosure. 20FI GS. 2A-D provide a view of an
exenpl ary systemat nultiple stages of performng a nethod in accordance
with_certain enbodi nrents of the present disclosure. FIG 3 provides

an e%enplary in accordance with certain _enbodi nme th resent
di scl osure. I\%E%%ODS ANDQRY %&F&B SETERMININGeA; Tll:ﬁg%ﬁgtq VQIEIT st eps

carried out in accor #MATIPNUSEYG HRESHERB MEASHREMENTER present
disclosure. Detailed Description  The present disclosure relates to

devi ces, systens, and nmethods for using pressure neasurenents to teach a
robot a teaching point location. In the field of automated assenbly,
30rppots can be used for tasks such semiiagki ng and pl aci ng conmponents onto

an assenbly,
Certain embodiments of the present invention are generally directed to devices and

methods for using pressure measurements to teach a robot a teaching point location.
In certain embodiments, a method includes measuring pressure at multiple points
across a target. A location of a robot teaching point is determined based on the measured

15 pressure.

Brief Description of the Drawings

FIG. 1 provides a block diagram of an exemplary system, in accordance with certain

embodiments of the present disclosure.
20 FIGS. 2A-D provide a view of an exemplary system at multiple stages of

performing a method in accordance with certain embodiments of the present disclosure.

FIG. 3 provides an exemplary graph, in accordance with certain embodiments of the
present disclosure.

FIG. 4 provides a routine illustrative of steps carried out in accordance with certain

25 embodiments of the present disclosure.

Detailed Description
The present disclosure relates to devices, systems, and methods for using pressure
measurements to teach a robot a teaching point location. In the field of automated assembly,
30 robots can be used for tasks such as picking and placing components onto an assembly,
creating welds, installing hardware, etc. For example, a robot may utilize a robot arm with
an end-effector to pick, transport, and/or place components. To perform such tasks

automatically, the robot needs to be taught the location(s) of the picking and placing. Once



creating welds, installing hardware, etc. For exanple, a robot may utilize
a robot armwth an end-effector to pick, transport, and/or place
conponents. To perform such tasks automatically, the robot needs to be
taught the location(s) of the picking and placing. Once 2 taught, the
robot can utilize end effectors such as2those with vacuum ports to pi ck,
hol d, and rel ease conponents during assenbly and manufacturing processes.
Previ ous tabgtenbt foop tartletileerdnd icfctbA Ul aPBbsy with oaduuaiporisto piskeHoldsadg pi n
gages and human subjectivity. Mre automated teaching point nethods can
require @A erBRonsnts duripgassemp]yand dagnsfacturinggipessscSsensor s, and machi ne

Vi si on devi ces ] i | Ly i poi nt
or ocess. - Ger t o g ieupatitiE frhfhrfiftihe, ABe: BORE B ihehud sk ks

di rect ed 4ml Imyminesbjectiieityi. Mse aatothateditbatiingf printuséthglspans sequire adédisnalement s
to teach a robot a target |ocation. Flgi 1 E{OVLdeg a functional b] ock

di ag? am ofAUIPTaSH liKeFaraeras. soRtactsepsass, and wckine Yisiondaisin allpipregh adla . The
system 1 i ned i : r ,

et vor K T B e B D R B e e at or
110, end-dfdlentroare ht@rdingly dirgotedtto $yistemss daeioes, dddmethods foysisingpnessurdul e 118.

The controller 102 cont F’n%l s, the system 100 using progranmm ng and data
stored i MESHISHSLP AShGTpbat@4ar ‘HMork interface 106 facilitates

comuni cat i on pfG, 1 R0 EAEY 4 Rink&Snal BR cWitaBra SOMBIEH 106 sBRLYRftKof WHRHGU 108

al l ows user input and displays data and results via a conputer keyboard and
monil®or, dreshaymmilesS. 2TAeDsThe eystebd 00Q taeludes & npritratisnd @dhavinga eariesiller syst em
to determine r t teachin oiLpts. . As s i . 2A-D, the
vacuum oohenabaftt: st SRRl eRE 06 Jiemting usdi T EIRY G AOESael BB vi

t he end- efffogeideffdctar 11Q WitlOY p6ke 1104, 88H46k € 16and posiioh MdAuRSIS8! Eh@tontidliBe
end-effector port or opening 114. The end-effector 112 can be connected to

a robot i cl02rqentals the systeax F0fhrsing pragranuniogiapd datg storehiuanirglergperporyrl 04.
screwdri v n hani . risin n_end-eff | | nsor, 116 i s
oot ey 1 e nd IR REAE N AR Ao e b IR LnENS poa i FEORBYe! o

10015Nnd onstwoitks Thé GUTHAS Wllewe 0ées input bhddisplayy ¢dth &id Aalts vibe cpmpufet on nodul e
118 functions to nove, and position the end-effector 112 to, 25 different

| ocat i onskeYPeard @nd memior, sersxampls. dge systere hB0 eambs imnlemented i) 1%08at¢ oop servo
system t el : i f eedback, anmong ot her positioning

devi ces %te@%%ﬁlﬁ%gﬁg%ﬁﬁ%@@ 2A, in use, the end-effector 112 is
posi ti oned cl cAeshowmindiGISp2 A€b, the@anemt generaogEl0 deaatatasa vb2@ymwhd cshini S
shown as a.void (e.qg,., hole, slot, or vity) .but can be a solid object
ke a bobudgpmahBidhion St e Endrstectir I3 b P e iR AlG BOUUBRTSIAGT oss

t hezg ar gethe bR bHEQOrFoH $dPeRingN 4V RicdeHAL fRCEIr 113 cHRBS boildcRA % & BsRtided at

arm and, for example, can function as a vacuum gripper or a screwdriver, among

mechanisms comprising an end-effector. The sensor 116 is adapted to measure a pressure or
vacuum pressure level within the system 100 and outputs its measurements to the controller
102. The position module 118 functions to move and position the end-effector 112 to

25 different locations. For example, positioning systems can include a closed loop servo
system that includes optical encoder feedback, among other positioning devices and
methods. As shown in FIG. 2A, in use, the end-effector 112 is positioned close to a
workpiece 120 near a target feature 122, which is shown as a void (e.g., hole, slot, or
cavity) but can be a solid object like a boss or protrusion. The end-effector 112 is moved

30 over or across the target feature 122 while the vacuum level is measured and recorded at



3 multiple points (e.g., FIGS. 2A-D). Alternatively, pressure can be
neasured at nultiple points in an area of interest, where the area of
interest includes the target feature 122. As a result of the pressure
measurenents, a vacuum |l evel profile 300 can be obtai ned, which is shown in
FIG 3. If the target feature 122 is a Boid, the vacuum | evel 5profile 300
shows a | ower vacuum pressure in the area of the void 122 and a hi gher
vacuum preakiplepdntsde.gy FIGS.2 0ID) Adteiatiigly anesshZcan beinseatyrpd admupipdd i | e is
shown in FI.G 3, which features different points al ong% the profile 300 that
rel ate toPQIRS iypp area ohinteresti wherg dhepares plaintorest Brcjudss Bie tasgetfeaigre B2. p. An

opposite rel at yopsh Rto#éﬂel yr@%h&txflga‘gﬁﬁeﬁlgﬁﬁl Lgaélﬁﬁgfaebelfpgﬁ%ﬁérﬁo gQPB@ the

profile is obtal ned, acuum l eve rofile can be yzed to determ ne
a 10l ocat otained, whicloisghowe ac RIS . faheatarget peituire 122 isvnivail, the vebmim lemgl pi ck or

| ace a co nent. For .exanple, the teachin 0j nt e an. interpol at ed
Bent r poin%feo}O%aghBWéﬂl‘?)‘?’erp %&%ﬂpbﬁ%fﬁ&h&e\fﬁ@%fﬁﬂ%&}?ﬁﬁg apdeh gsrcupm
vacuum | eyelsre AN&uPRSSHAHE igce! 120! L%%%f alfdiahbhd id FIG V4, Rehi@y er age
ﬁ [ t [ t

of the vacuum |l evel data an en cal cul ati'ng ope o e 15novi ng
aver age. fen@res3lifferchiybests alopgdhe pbfite I0d\thatgelatedo slyedifferspepGitionsTHithe ocat i on

of the teachi oi IS, a.mdpoint. be en, .posj,tio of m ni 04 and
i mum S06SeHGRan RIS s Ay e st FlatismaniB o xR for ety Baf Beafisae  can
be used t Onédk P2stilt REOHIRASH IR VRGHH RVEYRIFe cait dnliysePfdfefsithinea NOt
limted to or bound by the use of the aforenentioned’statistical nethod.

20FIL%E 4 lecdfidndefa rabetdeaching polintusa peing aievhich & rabptmes prokend piage aicampesatdance
wth certaj nbodi,nent s. of the present. di scl osur.e. descri bed above, the
ot eps 1 nel S SfTBRE IERchisencttl SnB L R e R it ol FE AR B S op

400) . Baswdativh.t he neasured pressure, a |location of a robot teaching point
can be determ ned (step 402). Mre specifically, the step 402 can include
cal cul ati ng a Whengapalsziag thyamedsure &apruas lavelspenepngsible(applypis apdydes

2503l ou! Al BB6ng b bl SRHL D ANEIOG BRI Ol W AN BRI N0 e

| ocation 0O evro eacnrng poin y calculating a m ween
posilsi onsmofingaxempenFAGd3 Mchides apidt of @ nifviridweyerapeisipe 302 Hgloé¢aioa 4i8) .
St eps 400 d 402 can be perforned for one axis or direction ( X-axi s)

and then teacfuag BRIt Be BBk PetyResPqsEions of unimusy 304rapd magayy 2@69 ofrige
Sha Y2, nnESgeoRes ARSI OB eSO LV ks
not |i m tedutm lbals)gnd this process is not limited to or bound by the use of the aforementioned
statistical method.
20 FIG. 4 provides a routine illustrative of steps carried out in accordance with certain
embodiments of the present disclosure. As described above, the steps include measuring
pressure at multiple points across a target (step 400). Based on the measured pressure, a
location of a robot teaching point can be determined (step 402). More specifically, the step
402 can include calculating a moving average of the measure pressure (step 404),
25 calculating a slope of the moving average (step 406), and determining the location of the
robot teaching point by calculating a midpoint between positions 6f maximum and
minimum slope of the moving average (step 408). Steps 400 and 402 can be performed for
one axis or direction (e.g., x-axis) and then repeated for another axis (e.g., y-axis). The
measuring and analyzing can be performed without contact between parts, thereby

30 mitigating contamination and particle creation. However, the method is not limited to being



4 contactless. Once the teaching point is determ ned, that point can be
used during autonated assenbly, anong other processes, to know where to

pi ck and place conmponents using a robot and/or end-effector. It is to be
under stood that even though nunerous characteristics and advant ages of
S5various enbodi nents of the present invdntion have been set forth in the
foregoing description, together with details of the structure and function
of vari ougneEtiedti TRES the ®achitg poliit @ ddt@fhindd) tifat felnbednest wdes dudind Adomitsd
illustrative only, and changes nay be nade in detai|l, especially in matters
of st ruct 3FENBIYJABERSAURIACSSSASF togamorswhre k9 pick gad BPF‘?\%‘?IBP@?HWUS{%@ pr esent
i nvention, I nt indicated by the broad general meaning of the
ternms 10i r?‘bv\mr@ﬁorteﬁh eﬂ%étlie)ﬁded clainms are expressed. 5 Wiat is clainmed is:

1. A method comﬂos:enmdexpto@mﬂ@ht egerethbaglomiméread chaeictriviesand digaptagesodr e at
mul tiple pojnts spanning an area of interest that inc| Ude§> a target

featdre; Y4l prgodmentsaf theprgseat inventipndiaye baen $6é g thetPregadag ur e; and
based on &J&@nﬂgﬁs ﬁ@@lepﬁvﬁﬁ%{ags oﬁ&%%ﬁﬁétﬂfcﬂ%ﬂ%ﬁ&ﬁﬁ%‘f Q%ifs AnbRfREnt §8Chi ng
y. 1

poi nt for use g automated asse
the invention, this detailed description is illustrative only, and changes may be made in

detail, especially in matters of structure and arrangements of parts within the principles of
the present invention to the full extent indicated by the broad general meaning of the terms

10 in which the appended claims are expressed.



2. The nethod of claim1l, wherein the neasured pressure i s a vacuum
pressure. 3. The nethod of claim1l, wherein the target is a void in a
surface 154. The nethod of claiml, wherein the target is a boss protruding
froma surface. 5. The nmethod of claim1, further conprising: picking

and/ or placing a conponent at the robot steaching point |ocation. 20 6. A
system conprising: a vacuum generator; an end-effector having a vacuum port
in fluideearyRigatd @ W th the vacuum generator; 25a sensor that neasures
a vacuum |l evel wthin the systemat nultiple points near a target; and a
controller that deternmines a |ocation of a robot teaching point based on

t he neasured vgcuu\%l eVﬁq . 6. 7. The systemof claim®6, wherein the
end- ef f ect or CG?QW@an 8. The systemof claim®6, wherein
the end- ef f ect Rbviding GfdeeYbiryer With an opening in fluid comunication

wi th the vacuum generator.
5 measuring pressure at multiple points spanning an area of interest that includes a

target feature;
creating a pressure profile based on the measured pressure; and
based on the measured pressure, determining a location of a robot teaching point for

use during automated assembly.

10
2. The method of claim 1, wherein the measured pressure is a vacuum pressure.
3. The method of claim 1, wherein the target is a void in a surface
15 4. The method of claim 1, wherein the target is a boss protruding from a
surface.
5. The method of claim 1, further comprising:
picking and/or placing a component at the robot teaching point location.
20
6. A system comprising:
a vacuum generator;
an end-effector having a vacuum port in fluid communication with the vacuum
generator;
25 a sensor that measures a vacuum level within the system at multiple points near a
target; and

a controller that determines a location of a robot teaching point based on the

measured vacuum levels.

30



5 9. The systemof claim6, further conprising a controller nenory

that stores the neasured vacuum | evel s. 10. The system of claim?9,
wherein the controller generates a vacuum | evel 10profile of the neasured
vacuum | evel s. 11. A method conprising: nmeasuring pressure at
multiple points across a target; and determning a |location of a robot

t eachi ng poi nt based on the neasured pressure. 15 12. The net hod of

claim 11, whergin thig dERE1sRIail & Sditidn tife @ds@&uwmydmwhegnp
The met hod of claim 12, further conprising: 20generating a pro ile of the

measured pressure. 14. The met hod of claim 13, further conprising:

cal cul ating a govi ngy ANRLAAS Glint SIS APRSAVIEL GALENLIAGR o1 ope

of the noving average erm e ro eaching poin

cal cul at i spgningrih dpal cdmibehisgtem wp@lstlielvaaalrmgemwmm and ni ni num sl ope of
t he povi ng aver age. 15. The method of claim 11, wherein the
nmeasdiri ng step and the determning step is used for determ ning the target

position in a §irstygll GREH Sblaif ¥l fhifReE 2binBBsihb S controller memory that stores

the measured vacuum levels.

10.  The system of claim 9, wherein the controller generates a vacuum level

10 profile of the measured vacuum levels.

11. A method comprising:

measuring pressure at multiple points across a target; and

determining a location of a robot teaching point based on the measured pressure.
15

12.  The method of claim 11, wherein the measured pressure is a vacuum

pressure.

13.  The method of claim 12, further comprising:

20 generating a profile of the measured pressure.

14.  The method of claim 13, further comprising:
calculating a moving average of the measured pressure;
calculating a slope of the moving average; and
25 determining the robot teaching point by calculating a midpoint between positions of

maximum and minimum slope of the moving average.

15.  The method of claim 11, wherein the measuring step and the determining

step 1s used for determining the target position in a first direction, and repeating the



7 measuring step and the determning step for determining the target
position in a second direction. 16. The nmethod of claim 11, wherein
t he robot teaching point represents a pick 5or place location. 17. The

nmet hod of claim 13, wherein the target is a void in a surface. 18. The

met hod of claim 17, wherein the generated profile conprises |ower 10vacuum
pressure neasurenents over the void and hi gher vacuum pressure neasurenents

over the Iﬁwstlaﬁ ste}f) and the db&rmitife ae%h%e%nﬁlugg me%érgemgﬁi%h@n se@cohar get is

a boss protruding froma surface: he“met hod of claim 11,
wher ei n tdieechen-hod is perforned without contactlng a wor kpi ece surface.

16.  The method of claim 11, wherein the robot teaching point represents a pick

5 or place location.
17.  The method of claim 13, wherein the target is a void in a surface.

18.  The method of claim 17, wherein the generated profile comprises lower
10 vacuum pressure measurements over the void and higher vacuum pressure measurements

over the surface.

19.  The method of claim 11, wherein the target is a boss protruding from a
surface.
15
20.  The method of claim 11, wherein the method is performed without

contacting a workpiece surface.





